Several studies have shown binding of a variety of lectins to breast cancer cells in tissue sections. In particular, binding of the lectin from the Roman snail, HeliKpomatia agglutinin (HPA), to breast cancer cells is linked with a poor prognosis. The molecular basis for lectin binding to metastatic breast cancers is not known. To elucidate this in a model system, lectin-binding pattm of seven human breast cancer cell lines were investigated, their cell membranes were isolated, and HPA binding was assessed. In addition, the influence of fixation and proCessing on lectin-binding sites was also investigated. Binding of lectins to the tumor cells was very heterogeneous between and within the W a e n t
Introduction
Breast cancer is a major clinical problem in women of the Western world, and increases in its Occurrence have been observed worldwide (Nab et al., 1994) . More than 60% of the women affected will die from their cancer, mainly because of metastatic spread of the tumor (Bertheault-Cvitkovic et al., 1991) . The prediction of metastatic spread is difficult to assess at the time of operation; however, recent progress in lectin histochemistry has made possible the assessment of breast cancer spread at this time. Several lectins, carbohydrate-binding proteins that can detect cellular glycoconjugates on normal and neoplastic cells, have been used to study breast cancer Walker, 1983 Walker, ,1984a Klein et al., 1983) . One lectin in particular, Hehipomatia agglutinin (HPA), appears to identify a marker for the prognosis of breast cancer, since it binds to those primary breast cancers that have a poor prognosis Thomas et al., 1993; cell h a and was iQuend by fixation and procesSing. Hmever, some cell lines showed HPA-binding sites both in vivo and in tissue sections. Analysis of the isolated cell membraue glycoproteins from these cell lines on Westem blots revealed that HPA can bind to several membrane glycoproteins. In contrast, human milk shows only one major milk glpprotein that is HPA-positive. Therefore, a switch in glyeosylation appears to be taking place during the transformation to a metastatic phenotype. (J Histochem Cyrochem 43:
KEY WORDS: Breast cancer; Electrophoresis; Glycoproteins; Helix pomatia agglutinin; Lectin histochemistry; Western blotting. Leathem, 1991a,b; Alam et al., 1990; Fukutomi et al., 1989; Fenlor et al., 1987; Leathem and Brooks, 1987) . The prognosis-determin& factor in cancer is the development of metastasis, and the value of HPA binding as a prognostic tool does not appear to be restricted to breast cancer, since it may also detect a prognostic marker in carcinomas of the stomach (Kakeji et al., 1991) , prostate (Shiraishi et al., 1992) . and colon (Ikeda et al., 1994) .
275-281, 1995)
The reason why HPA binding is such a good marker for the prognosis of several epithelial neoplasias is not yet known, since the investigations performed were retrospective clinicopathological. HPA binding to metastatic carcinomas may result from altered glycosylation of the tumor cells reflected by the presence of HPA-binding sites. Several suggestions as to why this altered glycosylation is associated with the change in behavior of the tumor have been put forward (Springer, 1989) but the HPA-binding glycoconjugates have not yet been identified, nor have any cellular functions related to the metastatic cascade been attributed to identified HPA-binding glycoconjugates (Walker, 1993) .
The aim of this study was twofold.
The first aim was to analyze histochemically the lectin-bin@ properties of human breast cancer cell lines and to study the effects of fiition and tissue processing on lectin-binding sites to determine whether any histochemical rationale exists that can account for conflicting results when HPA is used as a prognostic marker (Gustenon et al., 1993; Galea et al., 1991; Eylor et al., 1991) . The second aim of this study was to identlfy those glycoproteins that bind HPA in the cell lines to define more precisely which glycoproteins are associated with metastasis. Further cultures grown on coverslips were formalin-fixed and incubated with the same l c c h for 30 m h at room temperature. Afterwards, the coverslips were rinsed in PBS. In addition, cells were harvested with a cell scraper, spun down, and formalin-fiied for 45 min. After the cells were spun down again, they were re-suspended in 2% Agar in PBS, f i e d for a further 30 min, and processed for wax histology. Seven-pm thick sections were cut, d-ed, rehydrated, and incubated with the FIX-labeled lectins (100 pg lectin diluted in 0.1 M Tris-buffered saline with 2% CaQ added) for 30 min in a Shandon Sequenza immunostaining center. After washing the sections cardully, they were mounted in Citifluor (City University; London UK). For HPA only, other sections were trypsinized and reacted with native HPA, followed by anti-HPA antibody and peroxidase-anti-peroxidase complex as previously reported for histological sections of breast cancer tissue (Brooks and Leathem, 19911; Leathem and Brooks, 1987) . In addition, a direct HPA-peroxidase technique (10 pg HPA-peroxidase/ml) was wd. The sections with the FITC label were examined with an Olympus BH2 fluorescence microscope and photographs were taken on Kodak TMAX 400 blackand-white film. The peroxidase-labeled sections were examined under an Olympus BH2 microscope and photographs were taken on Kodak Technical Pan 100 M A black-and-white f h . The lectin-binding experiments for fixed and living cells using all lectins were repeated after several passages to assess the stability of the carbohydrate expression.
For analysis of the lectin-binding sites of the cell membrane, the cells were cultured under the same conditions as above and harvested with a cell scraper. The cells were re-suspended in lysis buffcr ( 5 mM Tris-HC1, Table 2 pH 7.4 Supplemented with 0.15 mM phenylmethyl~lfonylfluoride; Sigma), placed in a Parr cell disruption bomb, and 700 psi nitrogen was applied for I5 min. After release of the pressure the suspension was centrifuged at 2000 x g for 20 min. Thereafter. ultracentrifugation of the supernatant was used to separate the membrane fraction (100.000 x g av, 1 hr). The membrane pcllct was re-suspended in 200 pl of a 10% sodium dodecylsulfate (SDS) solution. Separation of the membrane proteins was achieved by SDS-PAGE. The proteins were transferred onto nitrocellulose by Western blotting. Bovine serum albumin (2%) supplemented with 0.2% Tween 20 was used as blocking buffer. The blots were incubated overnight with biotinylated HPA [ 5 pg lectinlml (Sigma) dissolved in 0.1 M PBS with 0.005% Tween 20 and 3% (wlv) saline added] and an avidin-biotin complex (ABC) peroxidase (Vector Laboratories; Peterborough, UK) was used for visualization of carbohydrate residues on the glycoproteins transblotted onto the nitrocellulose (for further details see Schumachcr et al., 1993) .
For comparison, human milk was concentrated by a modified Wessel and Flugge method (see Schumacher et al., 1992a) .
Results

Binding and Incorporation of Lectins into Living Cells
In general, lectin binding and uptake into the human breast cancer cell lines varied considerably. Some lectins, such as WGA, had bound and were subsequently internalized to a large extent in all cell lines investigated, whereas others, such as LTA, did not bind and were not internalized in any cell line investigated except for BT 20 and T47D. in which about 20% or 90% of the cells, respectively, showed weak or very weak binding and internalization of this lectin (see Table 2 ). Lectin binding and uptake of the other lectins tested varied between these two extremes (see Figure 1 for HPA binding to BT20). Even within one group of lectins with the same nominal sugar specificity, wide variability of lectin binding and uptake was found, as demonstrated by the GalNac-specific Icctins: whereas all MCF7 cells reacted with HPA, no reactivity of MCR with DBA was found. MDA-MB-157 did not react with any GalNacspecific lectins used. Repeating the experiments after several passages showed that the lectin-binding pattern had not changed.
Binding of Lectins to Formalin-fixed Cells
The range of fluorescence intensity of formalin-fixed cells was similar to that of living cells (Table 3 ; see also Figure 2 . JAC binding to BT20). A considerable overlap in lectin binding was observed in these rwo groups; however, there were some unpredicted results when lectin-binding sites berween both groups were compared. Living BT549 cells did not bind and internalize UEA-I. whereas after formalin fixation all BT549 cells showed a + + reactivity with this lectin. The opposite effect, i.e.. a reduction of fluorescence in the living cells compared with the fixed ones, was seen in the case of ConA. T47D cells showed strong fluorescence when ConA was incubated with formalin-fixed cells and only weak fluorescence when it was incubated with the living cells.
Binding of Lectins to Formalin-fixed, Wax-embedded and Sectioned Cells
Again. the entire range of fluorescence intensities could be observed within this group. Howcver. compared with the two previous groups. many lectin-binding sites were lost. Several lectins did not bind at all to any of the cell lines used. including DBA, SBA, LTA, SNA, and MAA. The opposite. i.e.. the occurrence of more binding sites in the formalin-fixed and wax-embedded cells compared with the formalin-fixed cells only, could be seen in the case ofJAC, where HS578T cells reacted intensively with this lectin in the wax-processed cells and only weakly with JAC in the formalin-fixed cells (Table  4 ; see also Figure 3 . WGA binding to MCF7).
HPA-binding Sites with Dz;fferent Processing and Staining Techniques
The results of HPA staining are summarized in Table 5 . In addition to the dfccts of fixation and processing described a h , marked amplification of HPA staining was observed by comparing the results of FITC-labeled HPA with those obtained using an indirect method involving anti-HPA antibodies and a peroxidase-anti-peroxidase complex for visualization of HPA binding in tissue sections (see Figure 4 . HPA binding to T47D).
HPA-binding Sites on Isolated Membrane Glycoproteins
Many protein bands from the membrane isolates were detected in the Coomassic Brilliant Blue-stained gel (Figure 3) . A differential staining pattern of membrane glycoproteins was detected with HPA ( Figure 6 ). In human milk used as a control, one major HPA-binding glycoprotein in the region of the Serum albumin was detected ( Figure  7 ) . This HPA-positive protein wasconsistently labeled in all membrane preparations of breast cancer cell lines (Figure 6 ). T47D. HT29, and BT20 showed the most membrane glycoproteins with binding sires for HPA. whereas in HS578 cells only one faintly labeled band was detected.
Discussion
The present study has shown a diversity of terminal carbohydrates that are expressed in different human breast cancer cell lines. Our finding of carbohydrate diversity in these cell lines reflects the situation in tissue sections of human breast cancers, in which a similar range and heterogeneity of lectin binding sites has been observed (Brooks and Leathem, 1991a.b; Alam et al.. 1990 Fukutomi et al.. 1989 Fenlon et al.. 1987; Lcathem and Brooks. 1987 : Walker. 1983 .1984a Klein et al.. 1983) . This indicates that with respect to Carbohydrate residues the in situ situation is maintained in vitro. Hence. these cell lines can be used as a model system for histochemical analysis of lectin-binding sites in breast cancer. The detection of scveral of these terminal carbohydrate residues with lcctins in the cell lines depends on fixation and processing of the cells. The influence of fixation, embedding, and sectioning on the lectin-binding sites is complex. Although, in general. fixation and wax embedding reduced the number of binding sites. they also enhanced the number of binding sites under certain circumstances. e.g.. WGA binding to fixed cells + (sec Table 3 ) and WGA binding to fixed and embedded cells + + + (see Table 4 ). This is probably due to the sectioning process. during which lectin-binding sites of internal membranes are exposed, as has been demonstrated by comparing lectin-binding sites in vivo and in tissue sections (Schumacher et al.. 1990) , giving similar rcsults to this study. A similar effect of fixation and processing on lectinbinding sites has been reported on sections of clinical material (Walker, 1984c,d) and adds weight to the argument of stability of glycoconjugatc expression in vitro compared with the situation in the patient. Our results further indicate that standardization of lectin histochemistry is necessary to obtain comparable results. This is especially needed when the results of lectin histochemistry have widespread clinical implications. as is the case with HPA binding to metastatic tumors Leathem, 1991a,b: Alam et al., 1990; Fukutomi et al.. 1989; Fenlon et al., 1987; Leathem and Brooks. 1987) . Indeed, a lack of standardized histochemical tcchniques (Schumachcr et al.. 1992b ) may in part explain the controversy that has arisen concerning the use of HPA as a prognostic marker in human breast cancer (Gusterson et al., 1993; Galea et al., 1991; Taylor et al., 1991) . This standardization may be difficult to achieve. since the greatest discrepancies in lectin binding observed between the different groups seem likely to be due to fixation and processing. Bccaux most of the clinicopathological studies are retrospective, no influence exists of these procedures. In particular. large multicentric studies, such as the one performed by Gusterson et al. (1993) . may suffer from different fixation and processing methods used, which can give a blurred picture of the results even within a single study.
The studies that support the hypothesis that HPA binding is correlated with metastasis were performed on processed material, indicating that the HPA-binding sita survive these procedures. Since processing for wax histology involves various lipid-dissolving solutions. glycolipids can probably be excluded as binding partners for HPA in archival tissue sections. We therefore concentrated our cfforts on the analysis of glycoproteins that might serve as ligands for HPA. Our analysis revealed that several cell membrane glycoproteins in the breast cancer cell lines are HPA-positive. whereas only one major milk glycoprotein, i.e.. in the region of 66 KD. is HPA-positive. Since HPA also labels the apical membrane of the normal lactating breast epithelium and milk is a derivative of the apical plasma membrane of the lactating breast epithelium. our findings indicate a switch in glycosylation pattern during the transformation process to the metastatic phenotype. No correlation was seen between HPA binding to the formalin-fixed, wax-embedded and indirectly HPA-stained cells and HPA binding to membrane glycoproteins in Western blotting, indicating again that fixation and processing influence HPA binding in tissue sections. Howcver, it seems clear that several different membrane glycoproteins can be binding partners for HPA in the cancer cells. Unfortunately, no clear-cut overexpression of a particular HPA-binding glycoprotein exists. Therefore, the correlation between the results of the histochemical and the biochemical approaches to HPA-binding site is difficult. In the cell membrane in living cells, the carbohydrate components are all directed towards the outer lapr of the cell membrane, whereas in Western blotting the membrane glycoproteins are not in their normal lipid bilapr environment. The loss of lectinbinding sites could be due to denaturation in the preparatory process for blotting. Similarly, the gain of lectin-binding sites could be due to exposure of binding sites on the blot membrane where no interaction with the lipid bilayer or other membrane glycoproteins takes place.
Because of these limitations. it is not possible to correlate the metastatic behavior of breast cancer cells with one particular glycoprotein. Despite this change of glycosylation, it may be that only one or just a fcw glycoproteins are altered in their function, which then attributes the metastatic phenotype to these cells. For example, the glycosylation of the epidermal growth factor (EGF) receptor alters its affinity towards EGF (Defizc et al.. 1988) . Cell adhcsion molecules recognize mucin-like ligands (Lasky et al., 1992) . and a surface galactosyltransferase can play an important role in the cell-matrix interaction (Barcellos-Hoff, 1992; Ekstein and Shur. 1992; Wilson and Weixr, 1992) . One advantage of our experimental approach using cell lines is that the metastatic potential of the individual human tumor cells in culture can be estimated by HPA binding, so that we can test the above-mentioned hypotheses. Further work is needed to identify the determining factor that is in-
